Actinobacillus pleuropneumoniae biotype 2 was isolated in pure culture or as the predominant isolate from the lungs of 9 growing and finishing pigs with pleuropneumonia. Gross and microscopic lesions resembled those caused by A. pleuropneumoniae biotype 1 serotypes (nos.
Actinobacillus pleuropneumoniae, sometimes in pleuropneumonia caused by A. pleuropneumoniae biconjunction with Pasteurella multocida, is the most otype 2 in a swine herd in the United States. This common cause of porcine pleuropneumonia. 8 Actino-isolate was used to experimentally reproduce the disbacillus pleuropneumoniae pleuropneumonia (APP) is ease. most common in 2-5-month-old pigs (especially 30-50-kg pigs), with occasional septicemia in pigs 30 days of age or younger. 13, 17 Typical cases of APP are associated with pulmonary necrosis, hemorrhage, and characteristic involvement of the caudodorsal aspect of the caudal lung lobe. [12] [13] [14] 21 Characteristically, necrotic areas are surrounded by darkly stained bands of streaming, swirling alveolar leukocytes; similar cells often line subpleural lymphatics. 18 Fibrin is prominent in alveoli from 2 to 4 days postinfection. 12 Other Actinobacillus species causing disease in swine include A. suis and A. equuli. Actinobacillus suis, A. equuli, and unspeciated actinobacilli are most commonly isolated from the organs of septicemic nursing and weanling pigs. 6, 9, [12] [13] [14] 19, 24, 29, 30 Actinobacillus suis was isolated from finishing pigs that died suddenly with pleuropneumonia characterized by pulmonary lesions similar to those caused by A. pleuropneumoniae. 3, 4 This report documents a persistent problem with
Materials and methods
Case history. A 1,200-sow farrow-to-finish swine herd had a persistent problem with respiratory disease in growing and finishing pigs. Clinical signs varied from sudden death to chronic pneumonia with weight loss and slow growth. The overall mortality rate for growing and finishing pigs on the farm varied from 0.37% to 0.84% per month from July 1990 to February 1991, and mortality due to respiratory disease varied from 0.17% to 0.52% per month for the same period. Pigs with clinical signs of respiratory disease had variable responses to intramuscular procaine penicillin G. The herd also had a recurrent problem with swine influenza in nursing and recently weaned pigs, but no associated death loss or significant effect on rate of gain was noted.
Specimens. Nine 45-70-kg pigs with acute to chronic stages of respiratory disease as evidenced by coughing and expiratory dyspnea ("thumping") were euthanized by intravenous injection. a Necropsyprocedure. Necropsy was performed on all 9 pigs immediately after death. Sections of lung and hilar lymph node were fixed in 10% buffered neutral formalin and pro- Virology. The lungs of 6 pigs were examined for the presence of swine influenza virus and the tonsils of 4 pigs were examined for pseudorabies virus by direct fluorescent antibody tests.
Experimental infection. The A. pleuropneumoniae biotype 2 ( Table 1) was grown in brain-heart infusion broth for 6 hr at 37 C. Two 4-wk-old pigs were inoculated intratracheally with either 1 ml or 5 ml of broth culture (10 9 colony forming units [CFU]/ml) via an 18-gauge needle. Necropsy was performed immediately following death or euthanasia at 7 hr postinfection, and specimens were collected as above. Sections of brain, heart, spleen, kidney, stomach, ileum, colon, and mesenteric lymph node were fixed and processed routinely for histological examination.
Extraction of total DNA. DNA was extracted from the A. pleuropneumoniae biotype 2 field strain and 6 other Actinobacillus strains (see Table 1 for sources). Actinobacillus strains were cultivated overnight in 100 ml of Luria-Bertani broth b and pelleted by centrifugation at 1,100 x g for 20 min. Cells were resuspended in lysis buffer (0.15 M NaCl, 0.1 M ethylenediaminetetraacetic acid [EDTA], 20 mM Tris-HC1 [pH 8.0], 1% sodium dodecyl sulfate [SDS]) and incubated at 37 C for 1 hr. Total DNA was extracted by adding an equal volume of 10 mM Tris-HC1 (pH 8.0) 1 mM EDTA (TE)-saturated phenol : chloroform (1:1, v/v) and freezing at -70 C for 15 min. The solutions were then thawed at 37 C and centrifuged at 1,700 x g for 20 min. The top aqueous layers were collected and subjected to 2 more phenol : chloroform extractions but without freezing. Total DNA from each strain was precipitated by adding 0.1 x volume of 4M ammonium acetate and 2 x volume of 100% ethanol, and samples were stored at -70 C.
Purification and labeling of chromosomal enriched DNA. The total DNA of Actinobacillus isolated from the experimentally infected pigs was resuspended in TE buffer, and aliquots of the solution were loaded on 1% agarose gels in TAE (40 mM Tris-acetate, 1 mM EDTA) c containing ethidium bromide and electrophoresed at 70 volts for 2 hr. Gels were visualized by UV illumination, and the largest band or chromosomal enriched fraction was excised from the gel. The fragment was warmed to 65 C, and an equal volume of TE phenol was added. Samples were centrifuged at 1,100 x g for 20 min, and the top aqueous layer was collected and mixed with an equal volume of chloroform : isoamyl alcohol (24: 1). The solutions were gently mixed and centrifuged at 1,100 x g for 20 min. The top aqueous layer was collected, and the chromosomal enriched DNA was precipitated in 2 was isolated. Note small amount 100% ethanol as described above. Aliquots of this chromosomal enriched DNA were labeled with random primer extension d using [α-32 P] dCTP (3,000 Ci/mmol).
Restriction enzyme digests and hybridizations. The total DNA of Actinobacillus was digested with EcoRI e as described by the manufacturer, except that 15-20 U of enzyme were used per microgram of DNA and samples were incubated at 37 C overnight. The DNA was electrophoresed on 20-x 25cm 1% agarose gels in 45 mM Tris-borate and 1 mM EDTA at 50 volts for 16-24 hr. Gels were stained in ethidium bromide, visualized by UV illumination, and photographed. The gels were then sequentially placed in denaturing solution (0.5 M NaOH, 1.5 M NaCl) and neutralizing solution (1.5 M NaCl, 1.0 M Tris-HCl, pH 8.0) for 30 min each. DNA was transferred to nylon membranes by overnight capillary blotting in buffer containing 1.5 M NaCl with 0.15 M sodium citrate (10 x SSC). 20 The membranes were dried, and the DNA was cross-linked on the membrane by UV illumination.
Membranes were prehybridized in 50% deionized formamide, 0.1% SDS, 10 mg/ml glycine, 0.5 mg/ml denatured salmon sperm DNA, 5 x SSC, and 5 x Denhardt's solution for 1 hr at 42 C. 5 The [ 32 P]-labeled DNA of the A. pleuropneumoniae biotype 2 was denatured at 95 C for 5 min, quenched on ice, and mixed with hybridization buffer (50% deionized formamide, 10% sodium dextran sulfate, 5 x SSC, 1 x Denhardt's, f 0.1% SDS, 0.1 mg/ml denatured salmon sperm DNA). 2 (2 x SSC, 0.1% SDS), then SDS) at 42 C for 30 min, dried, and autoradiographed at -70 C with an intensifying screen.
Primer synthesis. Oligonucleotide primers XP-1 APL-1 26 and sequencing primers 28 were synthesized using standard phosphoramidite chemistry on a DNA synthesizer. f Primers were removed from columns with 100% ammonium hydroxide, and protective groups were removed by heating at 55 C for 5 hr. Primers were then lyophilized under vacuum and resuspended in 500 µl of double distilled water. Gel g oligonucleotides. Primers were quantitated on a spectrophotometer h at 260 nm.
DNA preparation for polymerase chain reaction. Actinobacillus suis, A. pleuropneumoniae biotype 1 serotypes 1-12,
A. pleuropneumoniae biotype 2 field strain were grown overnight on enriched chocolate agar in a humidified 7% CO 2 incubator at 37 C. DNA preparation, single colonies were boiled in 25 µl of water for 5 min before pelleting in a mi- Bacteriology. Beta-hemolytic colonies were isolated µM primers, 5 µl DNA preparation (described above), and in pure culture on blood agar plates from the lungs of 2.5 U of Taq DNA polymerase. j Amplification was per-3 pigs and as the predominant isolate from the other formed in a thermocycler programmed for 2 cycles of 5 min 6 pigs. On the basis of biochemical and phenotypic at 94 C, 5 min at 40 C, and 5 min at 72 C followed by 35 characteristics, the colonies were classified as Actinocycles of 1 min at 94 C, 1 min at 60 C, and 2 min at 72 C, bacillus pleuropneumoniae biotype 2 ( Table 2) . Adusing the fastest available ramp times between temperatures. ditional isolates from the lungs of the 9 pigs included P. multocida (6 pigs), Haemophilus parasuis (2 pigs), and an alpha-hemolytic Streptococcus species that was not identified to species (2 pigs). The A. pleuropneumoniae biotype 2-like organism was the only isolate from the lungs of 3 pigs. This isolate agglutinated with hyperimmune rabbit antisera to A. pleuropneumoniae biotype 1, serotype 8, but not to serotypes 1-7 or 9-12.
Pathology. Pulmonary gross and histologic lesions resembled those caused by A. pleuropneumoniae. Gross lesions varied from multifocal mottled tan to dark red raised areas in both cranial and caudal lung lobes ( Fig.  1) to extensive necrosis of caudal lobes with many fibrinous and fibrous adhesions to the thoracic wall.
Histologic lesions included necrosis, hemorrhage, streaming degenerate alveolar leukocytes ("oat cells"), fibrin, and lymphatic thrombosis. Eight pigs had various-sized foci of coagulative parenchymal necrosis with alveoli variously filled with fibrin, neutrophils, and macrophages. These foci were often oriented around bronchioles ( Fig. 2) and were bordered by a thick band of degenerate, often streaming leukocytes and necrotic neutrophils (Fig. 3 ). In the more chronic cases, the necrotic foci were surrounded by bands of fibrous tissue; moderate numbers of lymphocytes and macrophages were diffusely interspersed in the fibrous tissue. Fibrin thrombi were occasionally present in blood vessels and often in interlobular and subpleural lymphatits of pigs with the most extensive lesions. The pleura often had moderate numbers of neutrophils and macrophages and abundant fibrin on the surface, with fibroplasia in chronic cases.
Six of 9 pigs had mild to severe suppurative cranioventral bronchopneumonia characterized by bronchi, bronchioles, and surrounding alveoli partially or totally filled with neutrophils and fewer macrophages. Five of 9 pigs also had mild to severe lymphofollicular interstitial pneumonia; bronchi, bronchioles, and blood vessels were surrounded by lymphoid aggregates with mild to moderate thickening of adjacent alveolar septa by lymphocytes and macrophages.
Experimental infection. The pig that received 10 9 CFU A. pleuropneumoniae biotype 2-like organism in 5 ml of inoculum intratracheally died 6 hr later; the pig receiving 1 ml exhibited severe dyspnea at that time and was euthanized at 7 hr postinoculation.
Both pigs had severe necrohemorrhagic pneumonia involving the caudodorsal lung lobes. Large dark red foci resembled those present with A. pleuropneumoniae (Fig. 4) . A few fine fibrin strands were in the pleural cavities. No other gross or microscopic lesions were detected in either of the 2 pigs. Microscopically, alveolar hemorrhage, degenerate alveolar leukocytes, fibrin exudation, and necrosis were present.
DNA studies. Restriction enzyme analysis of the A. pleuropneumoniae biotype 2-like organism with other Actinobacillus species resulted in a complex restriction pattern that was difficult to interpret ( Fig. 5 ). However, a distinctive pattern of hybridization was evident when A. pleuropneumoniae biotype 2-like DNA was used as a probe in DNA hybridizations with other Actinobacillus DNA (Fig. 6 ). Restriction fragment length polymorphism (RFLP) was evident among the different organisms and could be demonstrated most effectively when electrophoresis was extended to 24 hr. Overall radiographic signals were most intense in hybridizations of the probe to itself and less evident in hybridizations with A. suis strains 60408 and 3764, A. equuli, A. pleuropneumoniae biotype 1 serotype 1 (not shown), and A. lignieresii. The A. pleuropneumoniae biotype 2-like DNA did hybridize intensely with A. pleuropneumoniae biotype 1 serotype 8, but the RFLP pattern was slightly different.
Polymerase chain reaction amplification of bacterial DNA was used to compare known PCR-generated DNA fragment patterns of A. pleuropneumoniae serotypes 1-12 and A. suis with the biotype 2 field strain. The M13 universal sequencing primers were used in an arbitrarily primed PCR reaction 28 to amplify serotypespecific patterns of DNA from the organisms listed above (Fig. 7) . Actinobacillus pleuropneumoniae biotype 2 was identified as having a novel DNA amplification pattern when compared with A. pleuropneumoniae reference serotypes and an A. suis strain.
Oligonucleotides APL-1 and XP-1 served as PCR primers for examining. A. pleuropneumoniae serotypes 1 and 5 reference strains, A. suis, and the A. pleuropneumoniae biotype 2 field strain. Using the thermocycling protocol established for arbitrarily primed PCR, a 1.8kb DNA fragment was demonstrated for A. pleuropneumoniae reference strains as well as the biotype 2 field strain ( Fig. 8) . Actinobacillus suis displayed a unique DNA pattern following PCR amplification, and no 1.8-kb DNA fragment was identified.
Virology. Lungs tested negative for swine influenza virus and tonsils tested negative for pseudorabies virus by direct fluorescent antibody technique.
Discussion
Morphological features of pleuropneumonia produced by this A. pleuropneumoniae biotype 2 strain in both field and experimental cases are identical to those of A. pleuropneumoniae biotype 2 cases reported from Europe. 1, 10 The experimentally infected pigs had gross lesions consistent with acute APP, including firm, raised, sharply delineated dark red areas in the caudal lung lobes with some fibrin in the pleural cavity. 16, 23 Similar light microscopic lesions included alveolar hemorrhage, degenerate alveolar leukocytes, fibrin exudation, and necrosis. The 2 acutely affected pigs from field cases had gross and histologic pulmonary lesions resembling those of APP 2-4 days postinfection, in- eluding very roughened pleura with extensive adhesions and firm irregularly swollen deep red lung. 16 Pasteurella multocida was isolated from the lungs of all 6 of the chronically affected pigs with pleuropneumonia. Pasteurella multocida acts synergistically with A. pleuropneumoniae to produce pleuropneumonia. 11 Although lung tissue samples were not tested for the presence of mycoplasmas, the lymphofollicular interstitial pneumonia detected was consistent with mycoplasma infection.
The Actinobacillus species isolated in the present study most closely resembles A. pleuropneumoniae biotype 2 based on biochemical and phenotypic features and DNA hybridization studies. 8, 10, 20 Biochemical reactions were also similar to those of A. lignieresii; however, A. lignieresii has never been isolated from swine and is nonhemolytic on 5% sheep blood agar. 26 The A. pleuropneumoniae biotype 2 differed markedly from A. suis, A. lignieresii, and A. equuli by DNA hybridization. Although the organism cross-reacted with polyclonal antibody to A. pleuropneumoniae biotype 1 serotype 8, it was classified as biotype 2 because V factor was not required for growth.
Polymerase chain reaction data demonstrate the A. pleuropneumoniae biotype 2 organism isolated in this study is unique at the genomic level when compared with all reference serotypes of A. pleuropneumoniae biotype 1 and A. suis. The arbitrarily primed PCR method with the universal M13 sequencing primers indicated that this isolate has a DNA fragment size pattern distinct from all biotype 1 serotypes of A. pleuropneumoniae and A. suis. Although DNA hybridization studies revealed some cross-hybridization with A. pleuropneumoniae serotype 8, PCR-amplified patterns of DNA from these 2 organisms are distinctly different.
Amplified DNA fragment sizes produced by PCR using the APL-1 and XP-1 primers were markedly different from those previously described. 26 This difference is likely due to the more stringent temperature cycling protocol used in the present study. Also, DNA bands of less intensity are better visualized with polyacrylamide gels than agarose gels. However, these primers produced the 1.8-kb DNA fragment previously identified as specific for A. pleuropneumoniae and, under different reaction conditions, A. lignieresii. 26 This is the first documented case of A. pleuropneumoniae biotype 2 pleuropneumonia in the United States.
